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Abstract 
In two recent articles, Bohan et al. [1] and Dee at al. [2] develop conceptual arguments for the benefits 
of applying an interdisciplinary social-ecological network approach for studying human-nature systems 
in general, and ecosystem services in particular. We agree. Network approaches can account for the 
interdependencies between complex human and ecological dynamics that underpin many important 
environmental problems [e.g. 3]. As such, their use has been advocated by several others as a fruitful 
way to bridge across the natural and social sciences in the development of new theory, frameworks, and 
tools for environmental problem-solving [4]. Here, we emphasize that conceptual thinking around 
social-ecological network sciences is now mature enough to extend beyond the conceptual and look 
across disciplines to further develop actionable interdisciplinary research. To demonstrate this, we 
showcase a selection of past efforts and highlight an integrated social-ecological network approach that 
has already been applied empirically across a range of human-nature contexts. This is intended to 
complement Bohan et al. [1] and Dee at al. [2], but also serve as a call for research on social-ecological 
networks to connect more with the existing interdisciplinary literature in this space. 
The interdisciplinary challenge of institutional fit 
A primary example of how network science has been used to gain substantive insights while also 
extending the methodological repertoire derives from the study of institutional fit, i.e., how institutions 
are more or less, or not at all, aligned (temporally or geographically) with the structures and processes 
of the ecosystems they intend to govern [e.g. 6]. In 2009, Ekstrom and Young [6] modeled estuarine 
systems in the U.S. Pacific Northwest as a network consisting of key social and ecological components 
(nodes) and links (Fig 1). Links were first defined as ecological interdependencies between the 
components (e.g., linked species, habitats, and/or human-based stressors). Using a systematic text 
analysis of laws and regulations pertaining to estuaries in the region, the authors constructed a second 
network where the links represented institutional awareness of key interdependencies among the same 
nodes. Using this constructed social-ecological network model, they were able to identify several ‘legal 
gaps’, i.e., instances where links between or among social and/or ecological components were not 
matched with institutional awareness. Extending previous conceptual advances [4], Ekstrom and 
Young’s [6] contribution demonstrated a way to operationalize a multi-disciplinary perspective in 
evaluating complex human-nature interdependencies using a social-ecological network approach. 
Similar network-based studies of institutional fit have now been conducted across a range of settings, 
including marine environments (e.g., focusing on species dispersal across coral reef systems [7]) and 
terrestrial landscapes (e.g., wetland fragmentation [8]). 
[Fig 1 here] 
Advancing social-ecological theory using network science 
No matter how social and ecological components are conceptualized from a systems’ perspective, we 
argue that ultimately the value of a social-ecological network approach will be assessed on its ability to 
facilitate the development of interdisciplinary theory. Only then we will be able to advance general 
insights that extend beyond possible idiosyncrasies of single cases. Without such knowledge, developing 
general guidelines and policy recommendations would be a daunting task. To that end, a generic 
modeling framework is needed that helps link different structural characteristics of a given social-
ecological network to social and ecological theory. Though unlikely to be applicable to every case, recent 
developments toward such a framework have made substantial in-roads by garnering a series of recent 
methodological developments across different disciplines. This framework has been described in depth 
elsewhere [9,10], so here we simply provide a high level view. Rather than attempting to directly 
analyze a large and complex social-ecological network, the framework advocates for a focus on smaller 
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building blocks (often called configurations [11], or more recently, motifs), which enables the analysist 
to make theoretically informed assumptions of how a specific social-ecological network structure relates 
to social and ecological processes (and social-ecological outcomes). By analyzing the larger network in 
terms of the statistical prevalence (or absence) of certain building blocks, inferences linking network 
structures and outcomes are possible (Box 1). Indeed, recent studies have demonstrated how this 
analytical approach has been advanced to empirically test theoretically derived hypotheses and provide 
substantive insights regarding human-nature interactions and social-ecological outcomes [10,12]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Box. 1. Social-ecological building blocks  
A social-ecological building block represents a micro-cosmos, consisting of as few nodes as possible 
being represented as a structural configuration of theoretical interest (i.e., “keep it simple, but not too 
simple”). For example, common-pool resource theory stipulates that any two resource users competing 
for a common ecological resource would both do better if they would agree on a common harvesting 
strategy instead of risking a race to the bottom and resource depletion [13]. However, reaching such 
agreement would require these two resource users to communicate. The simplest possible way to 
express this using as social-ecological network representation would be two resource users and one 
ecological resource all linked to each other (Fig. IB). From this we can infer that a social-ecological 
network representing a community of resource users (along with their ecological resources, Fig. IA) that 
has been able to devise common rules and practices to avoid overharvesting would contain a 
significantly higher number of this specific and presumably favorable building block than expected by 
chance alone (Fig IC). Thus, in this way we have devised an empirically testable hypothesis that 
encompasses both the social and the ecological realms of a social-ecological system. Other building 
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blocks can be used to test other substantive questions [e.g. 13], and the precise interpretation of any 
given building block would be inherently tied to the way the social-ecological network being analyzed 
was constructed, i.e., what all the nodes and links actually represent [10]. 
[Fig. I here] 
Towards an ecosystem services network perspective 
Previous theoretical and empirical examples of social-ecological network science have modelled the 
natural environment as an ecological network consisting of nodes either generically defined as 
ecological components (e.g., species such seabirds and/or habitats such as estuaries), or more 
specifically defined as wetland patches or spatially aggregated reefs [7,8]. In contrast, both Bohan et al. 
[1] and Dee at al. [2] convincingly argue that interdisciplinary science on ecosystem services can be 
advanced by modeling ecosystem services as nodes in an ecological network. To extend their 
suggestions, we encourage interested readers to engage with an initiative that provides detailed 
information about a range of relevant empirical cases through a publicly accessible database 
(www.regimeshifts.org). Each case in the database represents a study system that has undergone a 
regime shift (i.e., a shift to another more or less stable system state). The database currently documents 
over 30 generic cases of regime shifts in social-ecological systems and more than 300 case studies based 
on published research, all of which have an explicit focus on ecosystem services, embrace both 
environmental and social factors of key importance (including “drivers” and “management options”), 
and describe relationships between factors (i.e., nodes) as directed causal links. The applied coding 
scheme [14] is similar to the scheme suggested in Dee at al. [2], and indeed network science has been 
used to analyze some of the published cases [e.g. 16]. The database thus constitutes an empirical gold 
mine for scholars interested in studying ecosystem services using the suggested social-ecological 
network approach (with or without a focus on regime shifts specifically). 
 
The interdisciplinary research process 
Any interdisciplinary research that does not resolve the balance across disciplines will, as we argue, 
make limited progress. This is particularly true when working across the natural and social sciences 
where different epistemologies and research traditions pose significant barriers to fruitful collaboration. 
One desirable feature of the network-centric approach is that is provides for a common language, an 
argument made by Janssen et al. [4] and more recently by Bohan et al. [1]. Further, network science is 
not strongly tied to either the social or natural sciences, thus proving a neutral and common ground for 
integration across disciplines. Bohan et al. [1] and Dee at al. [2] absolutely make important arguments. 
Whether focused on ecosystem services specifically, or in human-nature (social-ecological) interactions 
more broadly, our view is that their contribution would be strengthened by greater engagement across 
disciplines where their thinking couples tightly with a growing interdisciplinary research field.   
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Figures 
 
Fig. 1. Social and ecological network model of estuarine systems in the U.S. Pacific Northwest (after [6]). 
Social and ecological interdependencies as shown as black lines. Red dotted lines indicate a ‘legal gap’, 
i.e., there exists an ecologically defined link that is not matched with an institutional link. 
 
 
Fig. I. A social-ecological network. (A) The red nodes represent social actors, e.g., fishers, and the green 
nodes represent ecological resources of interest to people (akin to ecosystem services), e.g., fish 
species. Links between red nodes could represent exchange of information, links from red to green 
nodes the specific species a fisher is harvesting, and links between the green nodes could represent 
trophic interactions. (B) A specific building block is extracted from the larger network (dotted arrows), 
here representing two interacting fishers harvesting the same fish species. (C) A histogram showing the 
occurrences of a specific building block as a red line. The other bars represent the frequency 
distributions from a large sample of random networks with the same number of nodes and links. If the 
red bar deviates significantly from the random distribution, the associated building block can be said to 
be significantly over- or underrepresented. 
 
